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============

Decays mediated by charged-lepton flavour-violating (CLFV) processes are forbidden in the Standard Model (SM). Their observation would be a clear sign for physics beyond the SM. Such processes are predicted by several theoretical models \[[@CR1]--[@CR8]\], in particular those based on an effective theory with relaxed renormalisability requirements \[[@CR9]\], supersymmetric models \[[@CR10]--[@CR14]\], composite Higgs models \[[@CR15], [@CR16]\], Randall--Sundrum models \[[@CR17], [@CR18]\], and non-abelian flavour symmetry models \[[@CR19]\]. Nonetheless, no evidence for CLFV effects has been reported to date.

The LEP experiments set stringent limits on the CLFV decay of the $\documentclass[12pt]{minimal}
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The possible existence of low-mass Higgs-like bosons is a feature of models like the two-Higgs-doublet models (2HDM) \[[@CR28]\]. Searches for such particles have been performed by the ATLAS  \[[@CR29]\] and CMS  \[[@CR30]\] collaborations in the ditau decay mode. Another scenario is that of a hidden gauge sector \[[@CR31], [@CR32]\]. In this context, the BaBar and Belle collaborations have performed searches for a resonance with a mass below 10$\documentclass[12pt]{minimal}
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The LHCb detector probes the forward rapidity region which is only partially covered by the other LHC experiments, and triggers on particles with low transverse momenta ($\documentclass[12pt]{minimal}
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Detector and simulation description {#Sec2}
===================================

The LHCb detector \[[@CR38], [@CR39]\] is a single-arm forward spectrometer covering the $\documentclass[12pt]{minimal}
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Simulated data samples are used to calculate the efficiency for selecting signal processes, to estimate the residual background level, and to produce templates for the fit used to determine the signal yield. For this analysis, the simulation is validated primarily by comparing $\documentclass[12pt]{minimal}
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                \begin{document}$${Z} \!\rightarrow l^+l^-$$\end{document}$ decays in simulation and data. The Higgs boson is generated assuming a gluon-fusion process, and with mass values from 45 to 195$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,{{\mathrm {GeV/}}c^2}$$\end{document}$ in steps of 10$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,{{\mathrm {GeV/}}c^2}$$\end{document}$, using [Pythia]{.smallcaps} 8 \[[@CR40], [@CR41]\] with a specific LHCb configuration \[[@CR42]\]. The parton density functions (PDF) are taken from the CTEQ6L set \[[@CR43]\]. Decays of hadronic particles are described by [EvtGen]{.smallcaps}  \[[@CR44]\], in which final-state radiation is generated using [Photos]{.smallcaps}  \[[@CR45]\]. The interaction of the particles with the detector and its response are implemented using the [Geant4]{.smallcaps} toolkit \[[@CR46], [@CR47]\] as described in Ref. \[[@CR48]\]. Samples of $\documentclass[12pt]{minimal}
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Signal selection {#Sec3}
================

This analysis uses data corresponding to a total integrated luminosity of $\documentclass[12pt]{minimal}
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                \begin{document}$${1976 \pm 23}\,\text{ pb }^{-1} $$\end{document}$ \[[@CR54]\]. The data collected uses a trigger system consisting of a hardware stage followed by a software stage. The hardware trigger requires a muon track identified by matching hits in the muon stations, as well as a global event cut (GEC) requiring the hit multiplicity in the SPD to be less than 600. The software trigger selects muons or electrons with a minimum $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm { T}}$$\end{document}$ of 15$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\,\mathrm {GeV/}c}$$\end{document}$.

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H\!\rightarrow {\mu ^\pm } {\tau ^\mp } $$\end{document}$ candidates are identified and reconstructed into the four channels: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mu } \tau _e$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mu } \tau _{h{1}}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mu } \tau _{h{3}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mu } \tau _\mu $$\end{document}$. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _{h3}$$\end{document}$ candidates are reconstructed from the combination of three charged hadrons from a secondary vertex (SV). The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mu } ^\pm \tau ^\mp $$\end{document}$ candidates are required to be compatible with originating from a common PV. The muon track and the tracks used to reconstruct the tau candidate must be in the geometrical region $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.0<\eta <4.5$$\end{document}$. Electron candidates are chosen amongst tracks failing the muon identification criteria and falling into the acceptance of the PS, ECAL, and HCAL sub-detectors. A large energy deposit, *E*, in the PS, ECAL, but not in HCAL is required, satisfying: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\text {PS} > 50\,\mathrm {MeV} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\text {ECAL}/p > 0.1$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\text {HCAL}/p < 0.05$$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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The selection criteria need to be optimised over the $\documentclass[12pt]{minimal}
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The two leptons from the Higgs decay should be approximately back-to-back in the plane transverse to the beam. The absolute difference in azimuthal angle of muon and tau candidates is required to be greater than 2.7 radians. This rejects 50% of the $\documentclass[12pt]{minimal}
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The two leptons from the Higgs decay are required to be isolated from other charged particles. Two particle-isolation variables are defined as $\documentclass[12pt]{minimal}
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The selection criteria common or specific to each selection set and decay channel are summarised in Table [1](#Tab1){ref-type="table"}. The signal selection efficiencies are found to vary from 10 to 50%. Due to the kinematic selection, the decay channels are mutually exclusive and just one $\documentclass[12pt]{minimal}
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The systematic uncertainties are summarised in Table [3](#Tab3){ref-type="table"}. The uncertainty on the acceptance receives contributions from the gluon PDF uncertainty, as well as from factorization and renormalisation scales. The uncertainties on the reconstruction and selection efficiencies are estimated from simulation and are calibrated using data as described in Ref. \[[@CR37]\]. The uncertainty associated with the invariant-mass shape is handled by selecting the weakest expected limits among the different choices of distribution (kernel estimation and histograms with different bin widths are used). The uncertainties on the integrated luminosity and acceptance are fully correlated among channels, while only a partial correlation is found for the reconstruction efficiency uncertainties. All the other uncertainties are taken as uncorrelated.Table 3Relative systematic uncertainties (in %) on the normalisation factors in the cross-section calculation. When the uncertainty depends on $\documentclass[12pt]{minimal}
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The signal yield is determined from a simultaneous extended likelihood fit of the binned invariant-mass distributions of the $\documentclass[12pt]{minimal}
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Conclusion {#Sec6}
==========

A search for Higgs-like bosons decaying via a lepton-flavour-violating process $\documentclass[12pt]{minimal}
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